Is it possible to link leaf decomposition and associated invertebrates with the typological character of an heterotrophic stream ? This is an important question because it is related the spatial dynamics of the functioning low order streams, in the sense that it considers the use and interactions of allochthonous organic material along the horizontal axis of the stream. In the autumn/winter of two successive years, alder leaf breakdown rates and their nutrient variation (N,P,K) were estimated in a stream with energetically increasing dependence on POM inputs in the upstream direction. The succession of invertebrates colonizing the incubated leaves was observed and related to the characteristics of this organic substrate. Though extremely variable in time, the coefficients of decomposition revealed a spatial gradient in close association with the specific heterotrophic character of the different sites. Invertebrate trophic groups colonizing the leaves exhibited a pattern similar to their typological distribution in the stream : shredders were dominant in the upper stations and they were replaced by collectors in the lower ones. We concluded that a longitudinal pattern of decomposition of exogenous organic materials exists in streams that show a predictable typological shift along this gradient.
Introduction
It has been accepted since Minshall (1966) , Iversen (1973) and Cummins (1974) , that in low order streams draining forested catchments, benthic communities are highly dependent on allochthonous Our purpose is to analyse the decomposition of alder (Alnus glutinosa) leaves along the longitudinal gradient of a mountain heterotrophic stream and the dynamics of associated invertebrate taxa. In this way, we attempted to integrate abiotic and biotic factors involved, keeping in mind the hierarchical nature of lotie ecosystems.
Our question is whether there is a relationship between stream typology and the pattern of leaf breakdown. If that hypothesis is accepted, we intend to characterize the spatial variation of benthic organisms associated with the flow of energy, i.e. weight loss from alder leaf packs.
Material and methods

Sites and their energetic characterization
The work was carried out on the River Olo, which has been extensively surveyed in order to determine its biotypological characteristics (Cortes 1992 ). This is a high gradient stream, located in Northern Portugal, in the Alvâo Natural Park, draining a mountain area of reduced human impact. The acid waters of R. Olo have a low concentration of inorganic compounds. Five sites, from orders 3 to 5 (high to low rhithron), were selected to reflect natural variations along the river. Their main biotic and abiotic features are described in the work above mentioned, which revealed a marked longitudinal succession of invertebrate species.
Sites 1 and 2 (headwaters) are 1 km apart, which is also the distance between sites 3 and 4. Distances between sites 2-3 and 4-5 are, respectively, 6.3 and 10.7 km. The difference of altitude between the first and the last site is 850 m.
Maximum annual values for all sites were : conductivity : 39.6^.cm-1 ; N-NO3-: 0.6 mg.W ; P-P0 4 3-: 0.05 mg.l-l, CI" : 2.0 mg.H ; S0 4 2' : 2.1 mg.l"
1 . There was a steady decrease of the values of these parameters as we approached site 1 (here, average conductivity was 15 ^S.cm 1 ). In general, the stream is well shaded, almost exclusively by A. glutinosa, except in site 4, where riparian vegetation is completely absent since the banks are rocky. A rough boulder-stream bed and steep banks, together with high water velocity, are the common features at sites 1-4, but not at site 5, which is separated from the previous one by an impressive waterfall. Here, the river bed consists of smaller material (pebbles and gravel), and riffles alternate with pools where, in low discharge periods, there is considerable accumulation of allochthonous organic debris.
We tested the assumption that autochthonous inputs were negligible in the energetic budget of the stream. This was done by assessing the periphytic primary production in summer 1992 through : a) determination of chlorophyll a and b in the exposed area of the mineral components of bed substratum (this area ranged between 60.5 cm 2 and 140.7 cm 2 in each of the three replicates per site) ; b) determination of in situ oxygen variation in a plexiglass closed chamber (2 hours light/2 hours darkness with data stored each minute in a logger -multiparametric system pHOX). To convert mass of oxygen into mass of carbon, we used the coefficients presented in Wetzel & Likens (1991 
Leaf decomposition and invertebrate colonization
Leaf decomposition was investigated in two different years : in autumn 1991 (starting middle of October) for all the five sites previously described, and in autumn 1993 (middle of October) for the same sites, except site 1. An additional period of exposure was considered in site 2, during winter 1991 (starting in the middle of December) ; this last sampling schedule was to compare leaf decomposition under high allochthonous input (autumn) to decomposition when this input is virtually over (winter). Alder leaves were carefully selected in order to collect only the ones that were just prior to abcission. Afterwards they were stored dry until needed, when they were oven dried at 60°C for at least 48 h. Next, the leaves were weighed into 4.0 g groups, remoistened and placed in 6 mm mesh bags. The bags were sealed and attached to nylon ropes, which were anchored with bricks in each site. The leaf bags were used to estimate leaf breakdown rates and to observe the sequence of invertebrates colonization. Two bags were collected each time, following as much as possible a temporal geometric scale : on days 1,2,4, 8,16, 32 and 64. However, this schedule was slightly changed because of weather conditions : in autumn of the both years a flood displaced most of the bags before day 64, which was not considered, and in winter 1991 it was necessary to extend the exposure till day 66 because an intense flood prevented to collect the submerged material two days before. The leaves were gently washed immediately in the laboratory to remove attached sediments and the invertebrates were sorted and stored in 70 % alcohol. In the first year, the organisms were identified mostly by species or genus ; in the second year, we only determined the overall biomass of the assemblage colonizing each replicate bag (the invertebrates were not preserved after sorting and, instead, were dried at 80° C for 2 days and weighed to the nearest 0.1 mg). Leaves were used for ash free dry weight (AFDW) measurements (at 600° C to constant weight) and for determination of total N, P and K contents. These nutrient analysis used a diggestion with sulphuric acid and determination of N was done by the Berthelot method, of P by the molibdate -ascorbic acid method and K by flame photometry -in Novozamski et al. (1983) .
The use of leaf bags has been criticized because it reduces water exchange and abrasion, and excludes some invertebrates (Boulton & Boon 1990 ). However, the strong flow rate during the winter months did not allow the use of unenclosed packs.
Statistical analysis
Processing rates were obtained by fitting weight loss data to the exponential model W t = W 0 e" kt , where k is the processing coefficient and W t is the amount of leaf material remaining after time t from the initial amount W 0 .
Macroinvertebrate taxa were ranked following dispersion criteria based on a matrix of correlations and considering the elimination of the residuals. The objective was to detect the most important variables (species), the ones that discriminate more efficiently between sites and colonization periods. A fuzzy clustering was used for classifying sites and sampling data into a reduced number of clusters, to separate only the most distinct groups. In fact, this method displays the cluster membership weights, so we may judge which were the highest separated points from the ones where there was stronger uncertainty. Programs RANSQ and FCM of the package SYN-TAX (version IV) -Podani (1990) -were used, for ranking taxa and clustering sites, respectively. Finally, we ordinated taxa and sites through Detrended Correspondence Analysis (DCA), using the algorithm of CANOCO (Ter Braak 1987). This technique arranges data in order to avoid the compression of the ordination axes and its quadratic distortion, so that the axes reproduce more correctly the environmental gradients than methods like Principal Components Analysis or Reciprocal Averaging (Hill 1979) . (4) 3. Results
Autochthonous/Allochthonous organic matter gradients
The autochtonous primary productivity of the stream, based on the changes of dissolved oxygen was low. In site 2, net photosynthesis was 125.0 mg C.m-z.h-1 ; in site 5 it was 218.8 mg C.mAh-1 . However, these values were obtained in July/August and did not represent mean productivity for the entire year, which is presumably much lower. Benthic chlorophyll a and b, for the same period, were also low (Table 1) . Table 2 shows the quantitative values of BPOM fractions, obtained for two sampling periods. They reflect the variations in space and time of input and retention of particulate organic matter. Higher accumulation of POM (mainly CPOM) occurred in the upper reaches, and is inversely related to primary production.
Spatial pattern of leaf decay
Alder leaves decayed at very distinct rates, depending on temporal and spatial factors (Table 3) . These results also show that the model W, = aW 0 e" kt was found to be more appropriate than the general expression without the constant : it corrects the effect of silting on leaves (aspect not completely corrected by cleaning), improving, consequently, the correlation coefficients. Higher processing rates occurred in the upper reaches (sites 1 and 2) especially when compared to site 5. The marked spatial pattern overcame the effect of increasing water temperature in the downstream direction, which gives a special relevance to other physical and biotic factors involved. Practically no differences were observed for k values between sites 3 and 4 (second year), in spite of striking contrast in riparian cover. Fig. 1 represents the temporal changes of N, P and K content in the alder leaves for the different sites. Each nutrient reflects a specific pattern : while N shows a steady increase during the first 2 weeks, P reflects an intense leaching during 1-2 days. Leaching last till day 4 when K is considered. In the particular case of P, in spite of the different trends exhibited for the two periods, it seems that immobilisation of this nutrient may proceed after day 32, when retention was completed for N.
Macroinvertebrate assemblages and leaf breakdown
Multivariate analysis was used to group samples and taxa colonizing the leaf packs from the different sites and collecting times during the first year.
A fuzzy partition was established, but limited to 3 clusters to reduce dimension and to avoid outlier effects, where the coefficient of fuzziness was defined as 1.5. Variables (species values) were first log transformed. Table 4 presents only the samples with higher membership weights, the ones with the strongest affinity to each cluster. Coefficient of overall separation was 22.801, with a normalized partition entropy of 0.735. The pairwise separation coefficients were 1.523, 0.980 and 0.547 between, respectively, clusters 1-2, 1-3 and 2-3. Partition efficiency 5-day 4 2 (2 nd )-day 32 2-day 2 5-day 1 3-day 16 4-day 4 2 (2">d)-day 16 3-day 8 5-day 2 1-day 8 2-day 4 5-day 8 2 (2"°)-day 8 3-day 4 4-day 2 1-day 32 4-day 1 was considerabl higher because the coefficient of separation is not far from the number of objects, and coefficients between clusters are low, and so is entropy (Podani 1990 ). Increasing number of clusters generated significantly less clear partitions. The clearest feature was the separation of samples from the lower reaches (sites 5 and 4, in cluster 1). A temporal separation was also obvious, mainly of samples from the second period (cluster 2) and, additionally, the grouping of samples with a shorter time of incubation in the river (cluster 3). (6) showed that BPOM load was similar in both sites), which creates a typological energetic relationship of the organisms acting in the processing of organic matter.
The spatial character of invertebrate taxa colonizing the alder decaying leaves was enhanced by DCA ordination (Fig. 3) Taxa were ranked using the program RANSQ and results are presented in Table 5 . This procedure explains 88 % of the total variation. Higher importance was given mainly to species appearing in the last stages of colonization, which means that these species are more correlated, between them or with other taxa, thus providing greater contribution to the global variance. We conclude that there is an increasing specialization of the fauna as leaf incubation proceeds, together with a trend in increasing biotic interactions. By contrast, species appearing in the first phase of leaf processing present a very low level of interaction between them. Most of these taxa are not included in Table 5 , because their contribution to the variance is much lower as their appearance is probably casual.
Finally, we analysed the total biomass dynamics of the macroinvertebrates appearing in each stage of the colonization sequence during the second year. The figure 4 clearly shows that there is no relationship between the overall biomass of invertebrates However, the small differences of POM accumulation between the two sampling periods (Table 2) suggest that the input of exogenous organic matter was prolonged through spring and/or that its residence time in the channel was long. The evidence that the energy supplied to the stream was rather constant during a considerable period also emerged from the type of material on the river bed : alder leaves dominated in the first period, but were later replaced by oak leaves. These considerations certainly agree and contribute largely to characterize the stream functioning over the longitudinal profile of R. Olo : a) k values decrease progressively with stream order ; b) the flux of transported organic matter buffers differences in litter accumulation between stretches with very dissimilar riparian cover, this is, with distinct POM inputs (e.g. stations 3 and 4) ; c) there is a shift of the functional feeding groups over the course of the river, particularly in a tendency towards a higher number of collectors (gatherers and filter feeders) in the downstream direction (group that integrates most of the species characteristic of site 5 -see Fig. 3 ).
This spatial pattern was not evident in other high gradient streams. For instance, Pozo (1993) studying the breakdown of alder leaves along the River Agüera, another stream of the Iberian Peninsula, did not find consistent spatial differences in the decay rate. However, we must consider the influence of the distinct physico-chemical features along the length of this stream, related with the geological heterogeneity of the catchment. Cortes et al. (1994) had already reported very distinct processing rates in situations of marked variation of water chemistry. Minshall et al. (1992) concluded that downstream trends in benthic and transported organic matter and system metabolism are generally predictable, but detected many differences in the expression of those trends which were considered to be due to specific environmental conditions. All types of disturbances (natural or anthropogenic ones) certainly also cause local modifications in the processing of POM. For instance, Delong & Brusven (1993) found that there were no conclusive differences in the decomposition of leaf packs of alder along the gradient of an agricultural impacted stream because of the constant low biomass of stored benthic organic matter.
The present study also found that breakdown in a local or longitudinal perspective was highly variable in time. This is largely a consequence of the (10) Corynoneura:
1.3 1.6 88.0 Table 6 . Coefficients of linear regressions between total invertebrate biomass colonizing the alder leaves and time, for the second year of study. All coefficients r are significant at P < 0.01. Tableau 6. Coefficients de régression entre la biomasse globale des invertébrés qui colonisent les feuilles d'aulne et le temps, pour la deuxième année d'étude. Tous les coefficients sont significatifs à P < 0.01. Caution is then necessary when k values are compared, because they change in association with system variability and also with the Ufe cycle of benthic organisms. As an example of the latter aspect, Rounick & Winterbourn (1983) showed that a single Trichoptera species could be responsible for most leaf weight loss.
The mentioned immobilisation of the most Umiting nutrients in the decomposition process (Fig. 1) is similar to the one described by Chauvet (1988) Notwithstanding, as we showed, macroinvertebrate biomass is not necessarily related to decomposition rate, even if it is directly related with the time of permanence in the water (Fig. 4, Table 6 ). The constant rise of N levels in the leaves may explain this growing preference of the colonizers. This inconsistent relationship between biomass or density of invertebrates and detritus was as well mentioned (Corkum 1992 , Richardson 1992 , Chauvet et al. 1993 . It is possible that, in the later stages of decomposition, this linkage becomes more apparent (assemblages of incubated leaves seemed more specific after longer periods - Table 5 ). This lack of correlation is explained by Gazzera et al. (1993) by three hypothesis : a) many organisms captured in the leaf bags only seek shelter and, consequently, do not interfer directly in the decomposition ; b) feeding occurs at greater rates on the higher quality leaves ; c) shredder biomass is maximized at the time of greatest availability of litter in the stream.
As an epilogue, our results suggest that in undisturbed, typologically structured lotie ecosystems, like River Olo, where the communities are more physically than biologically controlled (see Cortes 1992), the processes involved in the breakdown of aUochthonous organic material foUow a definite pattern along the longitudinal gradient.
